IMPORTANCE Posttraumatic stress disorder (PTSD) appears to increase obesity risk but the pathways by which PTSD leads to weight gain are not known. Identification of the links between PTSD and obesogenic eating behaviors is necessary to clarify this pathway and inform development of obesity prevention strategies in PTSD-affected populations.
event. In the US civilian population, lifetime PTSD occurrence is 6.8%, with a higher rate (approximately 12%) among women. 2, 5 In addition to causing acute psychological suffering, PTSD may have long-term effects on physical health and well-being. In particular, a growing body of evidence suggests that PTSD is an important risk factor for obesity and obesity-related diseases including type 2 diabetes mellitus and cardiovascular disease. [6] [7] [8] [9] [10] [11] [12] Posttraumatic stress disorder may be linked to cardiometabolic illness in part through direct biological mechanisms, such as inflammatory pathways, 13,14 but it is likely that behavioral factors also play an important role, and these remain to be clarified. A cross-sectional study by Hirth et al 15 found PTSD symptoms to be associated with increased consumption of fast food and soda in young women. As noted by Brewerton 16 in a commentary, these findings are suggestive of the use of food to selfmedicate and are consistent with animal models indicating that stress may provoke increased consumption of highly palatable (high-fat/high-sugar) food, leading to weight gain. [17] [18] [19] Neurological studies indicate that ingestion of high-fat and highsugar foods may blunt feelings of distress by triggering dopaminergic reward responses, 20, 21 and animal studies suggest that stress-related consumption of palatable food can ultimately become addiction-like in nature. [22] [23] [24] This growing body of animal and clinical literature has led to public health interest in the potential role of food addiction in the obesity epidemic. 25 In previous work, we found that childhood abuse is strongly associated with adult reports of food addiction and that women reporting food addiction were an average of 6 units of body mass index (calculated as weight in kilograms divided by height in meters squared) heavier than women without food addiction. 26 Food addiction is not currently established as a psychiatric diagnosis; however, the concept may nonetheless be helpful for identifying the reliance on food to cope with psychological distress, one plausible pathway from PTSD to obesity. Understanding the links between PTSD and obesogenic eating behaviors is crucial for development of effective strategies to prevent and treat obesity in PTSD-affected populations. In this analysis, we examined the association between PTSD symptoms and food addiction among 49 408 participants in the Nurses' Health Study II.
Methods

Data Sources
The Nurses' Health Study II follows up 116 430 women registered nurses recruited at ages 25 to 42 years in 1989. Biennial questionnaires are used to gather sociodemographic, behavioral, and medical data. Participants indicated their consent by returning completed questionnaires. In 2009, the biennial questionnaire included a modified version of the Yale Food Ad- 
Variables and Variable Definitions Exposures
The 2008 PTSD Questionnaire used a modified version of the Brief Trauma Questionnaire 28, 29 to ascertain women's experiences of 16 traumatic events including violent death of a loved one, childhood physical abuse, or "a serious traumatic event not already covered." Participants were further asked which event they considered to be the worst 30 and their age when it first occurred. Suggestive PTSD symptoms (hereafter referred to as PTSD symptoms) were queried with respect to the worst traumatic event using the 7-item Brief Screening Scale for DSM-IV PTSD. 31 Participants were asked the age at which they first started experiencing the PTSD symptoms. More than half of individuals with PTSD do not seek treatment, 32 and we therefore focus on PTSD symptoms rather than diagnosis to avoid missing most cases. Breslau et al 31 recommended using a cutoff of 4 or more symptoms on this screening scale for identifying PTSD cases based on trade-offs between sensitivity and specificity. Using a cutoff of 4 or more symptoms yields a positive predictive value of 71% compared with diagnostic interview, while a cutoff of 6 or more symptoms yields a positive predictive value of 87%. To avoid overemphasizing a single cut point, we classified participants into 5 exposure categories: (1) no trauma exposure, (2) exposed to a traumatic event but reported no PTSD symptoms, (3) trauma with 1 to 3 PTSD symptoms, (4) trauma with 4 to 5 PTSD symptoms, and (5) trauma with 6 to 7 PTSD symptoms. Symptoms of PTSD were queried with respect to a specific traumatic event; by definition, women without trauma were classified as having no PTSD symptoms.
Outcome
Food addiction was assessed in 2009 using the mYFAS, 27 which is modeled after measures of drug and alcohol addiction. The mYFAS defines food addiction as 3 or more of the following symptoms plus clinically significant impairment or distress: (1) eating when no longer hungry 4 or more times per week, (2) worrying about cutting down on certain foods 4 or more times per week, (3) feeling sluggish or fatigued from overeating 2 or more times per week, (4) experiencing negative feelings from overeating that interfere with other activities 2 or more times per week, (5) having physical withdrawal symptoms when cutting down on certain foods 2 or more times per week, (6) continuing to consume the same amount of food despite significant emotional or physical problems due to overeating at any frequency, and (7) feeling the need to eat an increasing amount of food to reduce distress at any frequency. The mYFAS defines clinically significant impairment or distress as either (1) experiencing significant distress related to eating behavior 2 or more times per week or (2) experiencing a decrease in the ability to function owing to issues related to food 2 or more times per week. For further details on the adaptation of the original YFAS, see the eAppendix in the Supplement.
Covariates
We included the following potential confounders in adjusted models because they are plausible predictors of both PTSD and food addiction 33 : age at Nurses' Health Study II baseline (continuous with a squared term), race/ethnicity (indicators for African American, Asian, Hispanic, and other, with non-Hispanic white as the referent), mother and father's educational attainment when participant was an infant (indicators for <9, 9-11, 12, and 13-15 years, with ≥16 as the referent), indicators for mother in professional occupation and father in professional occupation, indicator for parental home ownership when participant was an infant, recalled body size at age 5 years (continuous; the participant could choose 1 of 9 female figures ranging from very lean, a score of 1, to very obese, a score of 9, that best represented her body type at age 5 years 34 ), and parental lifetime history of depression (indicator if either parent had depression history) assessed in 2005.
Data Analysis
We used modified Poisson regression (Poisson regression with robust standard errors 35 ) to estimate prevalence ratios (PRs)
for food addiction as a function of trauma exposure and number of PTSD symptoms. Analyses included women who responded to both the 2008 Stress Questionnaire, on which abuse was ascertained, and the 2009 biennial questionnaire, on which food addiction was assessed (n = 53 616). We excluded women who left 3 or more food addiction symptom questions blank (n = 2270), those who were missing information on clinical significance of symptoms (n = 291), and those whose trauma-PTSD status could not be ascertained owing to large amounts of missing data (n = 1607) or inconsistency in their reports (n = 40), leaving 49 408 women (92% of all respondents to the PTSD and 2009 biennial questionnaires). We ran 3 main analyses. First, we examined the crosssectional association between lifetime trauma and PTSD symptoms, reported in 2008, and current food addiction, assessed in 2009. We ran an age-adjusted model and a model adjusted for additional potential confounders.
Because the 2009 questionnaire did not ask about the timing of food addiction symptom onset, the temporal order of PTSD and food addiction is unknown; therefore, the results of these analyses are presented as prevalence rather than risk ratios.
Second, to gain insight into the temporal order of PTSD and food addiction, we examined both the number of PTSD symptoms and the timing of their onset. We were particularly interested in whether onset of PTSD in childhood would be associated with food addiction because eating disorders typically manifest in adolescence or later, 36 and thus an association between preadolescent PTSD and food addiction would support a temporal sequence from PTSD to food addiction. To conduct this analysis, we categorized women into 19 crossclassifications based on symptom level (none, 1-3 symptoms, 4-5 symptoms, and 6-7 symptoms) and age at onset in 6 intervals (<10, 10-19, 20-29, 30-39, 40-49, and ≥50 years). We report food addiction PRs for each category of symptom level and age at onset, with no symptoms at any time as the referent. Among women with at least 1 PTSD symptom, we conducted a test for trend of age at symptom onset. We also tested the interaction between categorical PTSD symptoms and age at onset. We ran 2 sensitivity analyses related to timing of PTSD onset. Because women were asked to report symptoms in reference to their worst trauma, timing of PTSD symptoms could plausibly be defined using age at worst trauma; therefore, we re-ran our analyses using reported age at worst trauma to time of the onset of PTSD symptoms. In addition, because we were concerned about the plausibility of recall from a very young age, we ran a sensitivity analysis excluding the 136 women reporting symptom onset prior to age 4 years.
For our third analysis, we explored PTSD-food addiction associations by type of trauma. We categorized women based on cross-classifications of the trauma they identified as their worst and the number of PTSD symptoms experienced in response, with no trauma as the reference category. We previously reported strong relationships of childhood and adolescent physical and sexual abuse victimization with food addiction, 26 and thus we were particularly interested in examining the influence of these traumas. While childhood physical abuse (physical abuse before the age of 18 years) was included in the list of traumas on the PTSD Questionnaire, childhood sexual abuse was not-rather, women were asked about unwanted sexual contact at any age. For this analysis, because we were interested in childhood sexual abuse, we defined a participant as having PTSD symptoms in response to childhood sexual abuse if she indicated unwanted sexual contact as her worst trauma and reported that her worst trauma occurred prior to the age of 18 years. We modeled food addiction as a function of the cross-classification of 16 trauma types and 3 PTSD symptom levels using modified Poisson regression and adjusting for potential confounders. Approximately 6.5% of trauma-exposed women did not specify which trauma was their worst and were excluded from this analysis.
Results
Of 49 408 women meeting inclusion criteria for our main analyses, 81% reported experiencing at least 1 traumatic event ( Table 1) . Of these, 34% reported no PTSD symptoms, 39% reported 1 to 3 symptoms, 17% reported 4 to 5 symptoms, and 10% reported 6 to 7 symptoms. On average, women with PTSD symptoms reported that their first symptom occurred at age 30.5 years (SD, 14.7 years). The food addiction prevalence was 8%, varying from 6% among women with no lifetime PTSD symptoms to almost 18% among women with 6 to 7 PTSD Traumas are ordered by descending frequency with which they were reported as worst. Participants could choose only 1 worst trauma; thus, participants in 1 worst-trauma category will not be in any other worst-trauma category. In contrast, participants may be represented in the category of experienced trauma but not worst for multiple trauma types.
associated with a high level of PTSD symptoms. The most commonly reported trauma experience in this nurse population was treating civilians with traumatic injuries (Figure 1 ), although this was rarely cited as the respondent's worst trauma.
In age-adjusted analyses, PTSD symptoms were associated with the prevalence of food addiction in a doseresponse manner (Table 2) , with PRs, relative to no trauma, of 0.96 (95% CI, 0.87-1.07), 1.26 (95% CI, 1.14-1.39), 1.85 (95% CI, 1.67-2.05), and 2.93 (95% CI, 2.64-3.25) for trauma but no PTSD symptoms and 1 to 3, 4 to 5, and 6 to 7 PTSD symptoms, respectively. Covariate adjustment attenuated these modestly, yielding PRs of 0.95 (95% CI, 0.86-1.05), 1.22 (95% CI, 1.11-1.34), 1.73 (95% CI, 1.56-1.92), and 2.68 (95% CI, 2.41-2.97) for trauma but no symptoms and 1 to 3, 4 to 5, and 6 to 7 symptoms, respectively. Inclusion of family history of depression resulted in the greatest attenuation in the estimates, although its impact was still small (resulting in an approximately 3% change in the estimate).
When PTSD symptom onset occurred at younger than 10 years of age, the adjusted PR for food addiction associated with 6 to 7 PTSD symptoms, relative to no PTSD symptoms, was 3.67 (95% CI, 3.10-4.33) (Figure 2) ; this declined to 2.24 (95% CI, 1.85-2.71) when symptom onset occurred between 30 and 39 years of age. This pattern of diminishing effect sizes with increasing age was less apparent for lower levels of PTSD symptoms. Findings were robust to using reported age at worst trauma to define the age increments and excluding women reporting trauma symptoms prior to age 4 years. Among women with at least 1 PTSD symptom, the age at symptom onset was statistically significantly associated with food addiction (P for trend <.001) but the interaction between age at symptom onset and number of PTSD symptoms was not (P = .33). This suggested that, among women with at least 1 PTSD symptom, earlier onset predicts a higher baseline prevalence of food addiction but does not influence the dose-response association between additional PTSD symptoms and the prevalence of food addiction. The type of trauma reported as the worst did not have a clear influence on the magnitude of the PTSD-food addiction association ( Figure 3 and the eTable in the Supplement). Traumatic symptoms in response to physical abuse in childhood showed the strongest associations with food addiction overall (PRs ranged from 1.6; 95% CI, 1.1-2.1 for physical abuse with no PTSD symptoms to 3.7; 95% CI, 3.0-4.7 for physical abuse with 6-7 symptoms). However, confidence intervals were overlapping across various trauma types, providing little statistical evidence for differences in PTSD-food addiction associations, and the overall pattern of associations were fairly similar.
Discussion
In this analysis, we found a dose-response association between the number of lifetime PTSD symptoms and prevalence of food addiction in middle adulthood. Food addiction prevalence appeared to be further elevated when PTSD symptoms occurred earlier in life. To our knowledge, this is the first study to look at the association between PTSD symptoms and food addiction. Our findings are relevant to ongoing questions regarding the mechanisms behind observed associations between PTSD and obesity, 12 and they provide support for hypotheses suggesting that associations between PTSD and obesity might partly originate in maladaptive coping and use of food to blunt trauma-associated distress. If replicated longitudinally, these results may have implications for both the etiology of obesity and for treatment of individuals with PTSD. Our findings are consistent with a small body of literature on the comorbidity of PTSD and disordered eating 37 including 2 cross-sectional studies documenting an association between PTSD and binge eating disorder, 10,38 a related but distinct overeating phenotype. 39 The value of the food addiction measure is that it explicitly captures feelings of dependence on food and distress as a trigger for eating and is thus more directly in line with hypothesized mechanisms involving eating as a coping strategy. While we were limited to cross-sectional analyses by lack of data on timing of food addiction onset, we were able to examine the relationship between age at PTSD onset and food addiction. We found PTSD symptoms to be associated with food addiction even when they are experienced prior to adoles- The figure presents the 9 queried traumas most commonly reported as being the worst. The numbers on the x-axis represent the number of posttraumatic stress disorder symptoms.
cence, the typical age at eating disorder onset, consistent with a pathway from PTSD to food addiction. Early-onset PTSDfood addiction associations are also consistent with the idea that childhood is a critical window of exposure during which health insults may have especially profound effects. [40] [41] [42] However, it is also possible that these results arise from recall bias: women may have difficulty recalling early-life trauma unless it was severe, and self-reports of childhood PTSD may therefore overrepresent the most severe PTSD exposure. While there was some variation in the PTSD-food addiction association across trauma types, evidence for an influence of trauma type on the association was limited. We found that PTSD symptoms in response to childhood physical abuse had the strongest overall associations with food addiction but these findings may be due to chance, and overall patterns of association between PTSD symptoms and food addiction were otherwise similar.
Several limitations of our study warrant comment. First, we assessed PTSD retrospectively with a screening questionnaire (rather than a diagnostic interview), which likely reduced the accuracy of PTSD classification but enabled the collection of PTSD data from a large cohort. Second, women who reported more than 1 PTSD symptom may not have experienced all of their symptoms in the same age range that they reported symptom onset; therefore, the classification of women by age at PTSD onset is a crude measure of the timing of PTSD and does not completely capture the nuances of PTSD symptoms over the life course. Finally, food addiction is controversial, and the clinical applicability of our findings will depend in part on whether mental health professionals determine that food addiction is a legitimate psychiatric diagnosis and identify effective prevention and treatment strategies for it. However, we believe that the value of the food addiction construct goes beyond its identification of psychiatric illness by capturing a potentially important maladaptive coping behavior that may provide insight into mechanisms linking trauma and PTSD to obesity.
Conclusions
To our knowledge, this study provides the first evidence of an association between PTSD symptoms and food addiction, 2 disorders of emerging concern for obesity risk. Our findings are consistent with the hypothesis that observed links between PTSD and obesity 12 might be partly explained by a tendency to use food to self-medicate traumatic stress symptoms. 16 If replicated longitudinally, these findings suggest that interrupting the pathway from PTSD to obesity may require psychological and behavioral interventions that address dependence on eating to cope with distress. Our study provides additional support for the recommendations by Kubzansky et al 12 for integration of health behavior modification into PTSD treatment and highlights one eating behavior phenotype that might be modified to reduce long-term obesity risk among populations with PTSD.
